The Punta Negra Anticline is a thrust-related fold, several kilometres wide, located at the front of the Argentine Central Precordillera. A stratigraphic succession including Ordovician, Silurian and Devonian rocks is exposed in its core, instead of a Devonian and Carboniferous succession as previously had been considered. The Punta Negra Anticline also involves a Tertiary sequence displaying syntectonic unconformities in the transition between the Albarracín and Mogna formations, recording the timing of thrusting and folding at the front of the Central Precordillera. This anticline folds thrust systems detached at the Silurian and Devonian shales, which we interpret as pre-Andean (Gondwanan) thrusts in this part of the Precordillera. The pre-Andean age of these thrusts is also consistent with their truncation by Tertiary subvolcanic intrusive bodies that predate the onset of the Andean deformation in the Punta Negra area. Moreover, the size and structural style of the Punta Negra Anticline, Andean in age, is in contrast with the other folds of the Central Precordillera, whose sizes do not exceed the hectometric scale and can be related to Gondwanan thrusting. This implies an Andean deeper thrust, probably detached at the bottom of the Cambrian succession.
Introduction
The Argentine Precordillera is a fold-and-thrust belt, about 80 km wide, which involves Palaeozoic rocks and Tertiary sediments (Bracaccini, 1946 (Bracaccini, -1950 Heim, 1952) . The Precordillera has classically been divided into Western, Central and Eastern domains based on stratigraphic and structural features (Ortiz and Zambrano, 1981) (Fig. 1) . The Central and Eastern Precordillera represent a stable carbonate platform during Cambrian to Early Ordovician times (Bordonaro, 1999) . The Western Precordillera is characterized by olistostrome or melange deposits, related to extensional tec-tonics during Ordovician times, in a continent-ocean transition (von Gosen, 1992; Astini, 1997; Keller, 1999; Alonso et al., 2008a) and ocean floor sediments with pillow basalts in the westernmost part (Kay et al., 1984; González-Menéndez et al., 2013) . This continental margin remained stable until Late Devonian. Early Carboniferous deposits known as the El Ratón Formation (Azcuy et al., 1981) and Jejenes Formation (Amos, 1954) overlie older Palaeozoic rocks along a strong angular unconformity.
Regarding the structure, the Central and Western Precordillera form an east-verging imbricate thrust system, while the Eastern Precordillera consists of west-verging structures (Baldis and Chebli, 1969; Allmendinger et al., 1990; von Gosen, 1992; Ramos, 1995) . Triassic and Tertiary rocks lie with angular unconformities on Palaeozoic rocks but are also involved in the thrusting and folding in the Precordillera. Most of the Andean structures have been considered as the reactivation of older ones developed during Carboniferous to Permian times (Alonso et al., 2005) . The Andean deformation age is considered to be Miocene to Recent, with west to east progression of thrusting Zapata and Allmendinger, 1996b; Ramos, 1999) . This paper presents new data on the stratigraphy and structure of the Punta Negra Anticline, the most frontal structure of the Argentine Central Precordillera (Fig. 1 ). An Ordovician to Silurian succession is documented for the first time in the study area and compared with other sections of the Central Precordillera. On the other hand, the superposed structures located in the anticlinal core allow us to identify Andean and pre-Andean structures. Moreover, the syntectonic unconformities developed in the upper part of the stratigraphic succession record the timing of the anticline growth.
Stratigraphy
The stratigraphy of the study area is summarized in the explanation of figure 2, which shows the geological map of the Punta Negra Anticline in the Río San Juan sector. Up to now, the Punta Negra Anticline has been interpreted as a simple anticline involving Devonian, Carboniferous and TertiaryQuaternary sediments (Heim, 1952; Baldis and Chebli, 1969; von Gosen, 1992; Ramos and Vujovich, 2000) . During the present study we have identified an Ordovician to Silurian succession outcropping in the anticlinal core; this succession was probably not recognized previously due to many subvolcanic intrusive bodies of Tertiary age (Leveratto, 1968) , which mask and obliterate the stratigraphy in that core (Fig.  2) . However, in spite of the discontinuous exposures of the sedimentary units, a consistent reconstruction of both, stratigraphy and structure has been carried out in between the intrusive bodies ( Figs. 2 and 3) .
The oldest formation exposed in the Punta Negra Anticline is the Lower Ordovician San Juan Limestone. Overlying the San Juan Formation there is a sequence of fine-grained sandstones (Fig. 4A ), shales and siltstones containing a Silurian fauna of Atripina sp. in its upper part (classified by L. Benedetto, personal communication, 2007) . Most of this sequence can be correlated with the Los Espejos Formation, first established by Cuerda (1969) , but a few meters of sandstones with chert levels occurring in the lowermost part, probably belong to the La Chilca Formation. The Palaeozoic succession of the Punta Negra Anticline should display a stratigraphic gap of Upper Ordovician age, as in other parts of the Central Precordillera (Bracaccini, 1949) , interpreted as evidence for a peripheral bulge produced in a foreland basin as the result of the collision of the Cuyania terrane with the Gondwana margin (Astini et al., 1996; Astini, 2003; Ramos, 2004) . Near the top of the Silurian succession there is a level displaying extensional microfractures developed in not well-lithified sandstones; some slump folds also occur in adjacent shales and siltstones (Fig. 4B) . We have recognized the same level, containing gravity-driven structures, in the classical Talacasto section. The Devonian succession comprises two stratigraphic units. The lower unit (Talacasto Formation) consists of a basal member of massive green shales with limestone nodules. This succession underlies a thickening-upward sequence composed of intercalated shales and sandstones, which terminates with a well-sorted and massive sandstone at the top, thicker than 10m. Previously, this stratigraphic unit had been assigned to the Carboniferous in geological maps and crosssections (Heim, 1952; Ramos and Vujovich, 2000; Alonso et al., 2008b) and correlated with the La Deheza Formation deand correlated with the La Deheza Formation defined by Cuerda and Furque (1983) in the headwaters of the La Deheza creek. However, the palynological analysis of a sample collected in the massive shales indicates that a Carboniferous age should be discarded for the basal member (S. Césari, personal communication, 2012) . Moreover, the stratigraphic order and facies of that succession are very similar to those that occur in the Talacasto section, where the thickest sandstone level attains to 90m. Nevertheless, the Talacasto Formation is thinner (up to 200m) in the Punta Negra Anticline than in the Talacasto section (600m). This is in agreement with the southwards decrease in thickness of the Silurian-Devonian units described by Baldis and Peralta (1999) . The upper unit of the Devonian succession (Punta Negra For-
Structure of the Punta Negra Anticline
Since the pioneer works of Bracaccini (1950) and Heim (1952) , the Punta Negra Anticline has traditionally been considered a simple fold with a reverse fault in its eastern limb, the reverse fault being interpreted as the frontal thrust of the Central Precordillera. Later, the Punta Negra Anticline has been interpreted as a fault-bend fold detached in the Silurian shales (Gardini, 1993; Cristallini and Ramos, 2000) . A different interpretation linking the Punta Negra Anticline to a west verging thrust was proposed by von Gosen (1992) . On the other hand, Alonso et al. (2008b) documented a more complex structure in the anticlinal core than previously assumed. The geometry of this structure is masked and obliterated by many dacitic and andesitic subvolcanic bodies and pyroclastic flows (Leveratto, 1968) , their ages ranging from 18 to 7 mation) begins with purple and green shales which grade upwards into a graywacke-shale sequence (Astini, 1991) . A panoramic view of the Silurian to Devonian succession in the western limb of the anticline is shown in figure  5 . The Tertiary-Quaternary succession represents the infill of the Andean foreland basin (Ramos, 1999) . It unconformably overlies the Palaeozoic succession (Alonso et al., 2005) , with a slight palaeorelief at the unconformity surface (Vergés et al., 2001) . It is a coarseningand thickening-upward succession deposited in fluvial and alluvial systems and its lowermost part is lower Miocene in age (Milana, 1991; Vergés et al., 2001; Milana et al., 2003) . The Neogene sequence comprises two formations. The oldest is the Albarracín Formation (Leveratto, 1968), up to 1400m thick, with an age ranging between 18 and 7 Ma in the western limb of the Punta Negra Anticline (Vergés et al., 2001 ). This formation is composed of finegrained terrigenous redbeds with interfingered pyroclastic rocks in the middle (Bercowski and Figueroa, 1987) and conglomeratic beds in the upper part (Fig. 6A) . The Mogna Formation (Kelly, 1962) overlies the Albarracín Formation in the eastern limb of the Punta Negra Anticline (Fig. 2) . This uppermost unit is more than 2000m thick and consists of massive conglomerates and breccias (Fig. 6B) . The boundary with the Albarracín Formation is transitional, although as a result of its syntectonic deposition, the Mogna Formation also lies with an angular unconformity over the Albarracín Formation in the upper part of the fold limbs and on the Devonian succession in the anticlinal crest zone (Fig. 2) . Ma (Leveratto, 1976; Bercowski et al., 1986 Bercowski et al., , 1993 Vergés et al., 2001) . The cross-sections shown in figure 7, the general cross-section of figure 8 and the structural map of figure 3 illustrate the geometry of the Punta Negra Anticline. At the southern border of the study area, the Punta Negra Anticline is a rounded, Neogene sequence, as occurs in the so-called wedge-top basins. However, the basal part of the Miocene basin in the Precordillera displays features of a typical foreland basin located ahead of the deformation front, representing the response to the emplacement of the Cordillera Frontal to the west (Ramos, 1999). Therefore, we have suggested that pre-Miocene thrusting in the Central Precordillera may be of Gondwanan age (Alonso et al., 2005) , because no stratigraphic record of previous Tertiary deformations has been found in this part of the Andes. It can be attributed to the Early Permian Sanrafaelic deformation phase (Ramos, 1988) identified in the Mendoza area to the south of the Precordillera.
Age and significance of the Punta Negra Anticline
As a whole, the Punta Negra Anticlinorium displays a western limb dipping ~50º to the west and a subvertical eastern limb that may be slightly overturned (up to 80º when we move away from the anticlinal crest). The Punta Negra Anticline and the Matagusanos Syncline located in front of it in the east, can be interpreted as a typical fault-propagation fold pair related to a thrust located in their shared limb (Fig. 8) . Both folds involve Neogene formations; therefore they are Andean in age.
The size of the Punta Negra Anticline, several kilometres wide, and its structural style differ from the other folds of the Central and Western Precordillera, whose sizes do not exceed the hectometric scale and can be related to Gondwanan thrusting (Fig. 8) . The imbricate thrust of the Central Precordillera (Fig. 8) is detached at the Ordovician carbonates and cuts up the stratigraphic section eastwards (von Gosen, 1992) , but the size of the Punta Negra Anticline implies a deeper thrust, probably detached at the base of the Cambrian succession ( Fig. 10) (Alonso et al., 2005) . This model is consistent with the thickness of the Cambrian succession, close to 3,000 m, and the geological map, because Cambrian carbonates are exposed further to the north in the frontmost part of the Central Precordillera (Sierras of Talascasto, Cumillango, La Silla-Potrerillos, Guandacol) (Bordonaro, 2003) . Wide anticlines at the level of Cambrian-Ordovician carbonates are present in these ranges, in contrast to the smaller hangingwall ramp anticlines developed in the Ordovician limestones of the Central Precordillera (Fig. 8) . The inferred displacement (about 10 km) and the depth of décollement of the Punta Negra structure in figure 8 is close to the values obtained for the frontal thrust by Zapata and Allmendinger (1996a) in the Rio Jachal section, 100km to the north.
The geological map in figure 2 and the cross-sections shown in figure 7 illustrate the geometric relationships between the different stratigraphic units involved in the Punta Negra Anticline that record the precise age of the anticlinal growth. The Albarracín Formation is a pregrowth unit (Vergés et al., 2001) , but the basal contact of the Mogna formation displays a typical syntectonic unconformity. To the north of the San Juan River, the Mogna Formation lies with strong angular un- (Figs. 2 and 3) . To the north of San Juan River it is a wider anticlinorium, composed of several smaller folds whose detailed geometry is shown in figure 7 . There are three major NNW trending anticlines, with domical geometries in the eastern part of the anticlinorium, and the correspondent synclines in the midst between them (Fig. 3) . Moreover, regarding the internal structure of the anticlinorium, there are also faults duplicating the Silurian-Devonian succession. These faults are rooted in two different décollement levels. The upper décollement is located in the lower shales of the Punta Negra Formation and repeats that formation three times in the southeastern part of the anticlinorium core (Fig. 2 and cross-section A-B in Fig. 7) . The lower décollement is situated at the base of the Silurian succession, duplicating the Los Espejos and Punta Negra formations to the east of the abovementioned thrusts (Fig. 2 , cross-sections C-D and E-F in Fig. 7 ). Its displacement is accommodated by folds in the northern tip of the fault (Fig. 3 and cross-section E-F in Fig.  7 ). Taking into account the usual east-directed tectonic transport in the Central Precordillera, this fault can be interpreted as a back-thrust, which rotated up to a subvertical attitude in the eastern limb of the Punta Negra Anticlinorium.
All the abovementioned faults can be considered as preAndean thrusts because they are truncated by subvolcanic intrusive bodies, dated 16 Ma at the Cerro de la Sal (Fig. 2) (Leveratto, 1976) . This age indicates that these thrusts should be older than 16 Ma in contrast with the age of 5 Ma proposed by Zapata and Allmendinger (1996b) for the onset of the Andean deformation at the front of the Central Precordillera. The volcanic activity in the Punta Negra and Ullum areas has been documented from 18 Ma (pyroclastic flows in the Albarracín Basin) up to 7 Ma (Cerro Blanco intrusive) and is coetaneous with the deposition of the Albarracín Formation (Bercowski and Figueroa, 1987; Vergés et al., 2001; Bracco et al., 2011) . Other arguments supporting a pre-Andean age for the abovementioned faults are the thickness changes of the Devonian succession in different sectors of the Punta Negra Anticlinorium. The minimum thickness of the Devonian succession occurs in the easternmost area of the anticlinorium, just in the hangingwall of the west-directed back-thrust ( Fig. 2 and A-B section in Fig. 7) . A greater thickness, preserved in the footwall, can be explained as a result of preMiocene denudation of the hangingwall, giving rise to the unconformable relationship between the Albarracín Formation and the Palaeozoic succession. However, this unconformity angle around the Punta Negra Anticline ranges only from 0º to 10º and is in contrast with the sector to the west, where the Palaeozoic beds usually dip 20º-30º more steeply than the Tertiary strata (Alonso et al., 2005) (Fig. 8) . Regarding the significance of this angular unconformity, there are two possible interpretations. It could be originated by an early Andean (pre-Miocene) thrusting or the result of an older preAndean deformation. If there was an early Tertiary thrusting in the Central Precordillera, we should expect an important paleorelief, coarse clastics and diachronism in the base of the conformity and palaeorelief on Palaeozoic beds on the crest of the Punta Negra Anticline (Figs. 2 and 7) , as a result of crestal denudation, and lies on the Albarracín Formation on both limbs of the anticline. Although we have not observed the dip variation called progressive unconformity (Riba, 1976) on fold limbs, which is a common feature of many growth folds, the Albarracín Formation displays a wedge shape, increasing its thickness when we move away from the top of the anticline (Figs. 2 and 7) . It implies that the Punta Negra Anticline began to grow before the beginning of the Mogna deposition, probably at ~ 5 or 6 Ma, taking into account the diacronism of the basal contact of the Mogna Formation, prograding eastward, because the base of this formation has an age of 4 Ma at Mogna, located 10km away to the east in the eastern Precordillera (Milana et al., 2003) . Moreover, the unconformable Mogna Formation is also folded by the anticline (Fig. 7) ; so both limbs also rotated after the deposition of the upper member of that formation. In fact, the widespread Quaternary deformation and recorded seismicity in the Eastern and Central Precordillera imply that deformation is still active (Vergés et al., 2007) .
Conclusions
To the north of San Juan River, the Punta Negra Anticline changes to a wide anticlinorium, involving a Palaeozoic succession composed of Ordovician, Silurian and Devonian formations, instead of a Devonian to Carboniferous succession as had previously been considered.
The structure of this anticlinorium is the result of the superposition of Andean and probably pre-Andean deformations. In its core, there are thrusts duplicating the Silurian-Devonian succession, which are truncated by subvolcanic intrusive bodies that predate the onset of the Andean deformation. These thrusts can be attributed to the Gondwanan deformation.
As a whole, the Punta Negra Anticlinorium is an eastverging asymmetric tight fold that can be interpreted as a fault-propagation fold, related to the thrust located in its forelimb. This fold involves Cenozoic formations displaying a syntectonic unconformity. It records that the anticline began to grow during the deposition of the uppermost part of the Albarracín Formation, but it was mostly amplified during the last stages of deposition of the Mogna Formation. The Punta Negra Anticline is several kilometres wide and this size implies a deep detachment, probably at the bottom of the Cambrian succession. It implies the development of a décollement deeper than the usual detachment of the thrust system in the Central Precordillera, which is located in the Lower Ordovician limestones and cuts-up the stratigraphic section eastwards.
